The point at absolute zero where matter becomes unstable to new forms of order is called a quantum critical point (QCP). The quantum fluctuations between order and disorder 1-5 that develop at this point induce profound transformations in the finite temperature electronic properties of the material. Magnetic fields are ideal for tuning a material as close as possible to a QCP, where the most intense effects of criticality can be studied. A previous study 6 on theheavy-electron material Y bRh 2 Si 2 found that near a field-induced quantum critical point electrons move ever more slowly and scatter off one-another with ever increasing probability, as indicated by a divergence to infinity of the electron effective mass and cross-section. These studies could not shed light on whether these properties were an artifact of the applied field 7,8 , or a more general feature of field-free
Past experience 7, 8 suggested that a finite field quantum critical point has properties which are qualitatively different to a zero field transition, shedding doubt on the reliability of these measurements as an indicator of the physics of a quantum phase transition at zero field. However, the zero-field properties of YbRh 2 (Si 1−x Ge x ) 2 above T ≈ 70 mK for the undoped (x = 0) and doped (x = 0.05) crystals are essentially identical (Fig. 2a) , suggesting that by suppressing the critical field we are still probing the same quantum critical point.
In both compounds, the ac-susceptibility follows a temperature dependence χ −1 ∝ T α from 0.3 K to ≤ T ≤ 1.5 K, with α = 0.75 14 , and the coefficient of the electronic specific heat, C el (T )/T , exhibits 9 a logarithmic divergence between 0.3 K and 10 K. However, in the low-T paramagnetic regime, i. e. , T N < T < ∼ 0.3 K, the ac-susceptibility follows a CurieWeiss law (inset of Fig. 2a ) with a Weiss temperature Θ W ≈ 0.3 K, and a surprisingly large effective moment µ eff ≈ 1.4µ B /Yb 3+ , indicating the emergence of coupled, unquenched spins at the quantum critical point. The electronic specific heat coefficient, C el (T )/T , exhibits a pronounced upturn below 0.3 K (Fig. 2a) .
We now discuss the field dependence of the electronic specific heat in YbRh 2 (Si 0.95 Ge 0.05 ) 2 in more detail. In these measurements, magnetic fields were applied perpendicular to the crystallographic c-axis, within the easy magnetic plane (Fig. 2b ). At fields above 0.1 T, C el /T is weakly temperature independent, as expected in a LFL 15 . A weak maximum is observed in C el (T )/T at a characteristic temperature T o (B) which grows linearly with the field (inset of Fig. 3a ), indicating that entropy is transferred from the low-temperature upturn to higher temperatures by the application of a field B ≥ B c = 0.027 T. As the field is lowered the temperature window over which C el (T, B)/T = γ o (B) is constant shrinks towards zero and the zero-temperature γ o (B) diverges (Fig. 3a) . For example, in a field of 0.05 T a constant value γ o (B) ≈ 1.54(7) Jmol −1 K −2 only develops below 40 mK. These results indicate the formation of a field-induced LFL state at a characteristic scale T < T o (B). As the window of LFL behavior is reduced towards zero, an ever increasing component of the zero-field upturn in the specific heat coefficient is revealed in the temperature dependence. This confirms that the major part of the upturn in the specific heat coefficient observed in zero field is electronic in character, and must be associated with the intrinsic specific heat at the QCP.
This conclusion is also supported by the electrical resistivity data which reveal a fielddependent cross-over from a T -linear resistivity at high temperatures, to quadratic behavior ∆ρ = A(B)T 2 at sufficiently low temperatures. Most importantly, the data show that at low fields and temperatures, the same scale T o (b) ∝ b (where b = B −B c is the deviation from the critical field) governs the cross-over from LFL to NFL behavior in both the thermodynamics and the resistivity. This can be quantitatively demonstrated by noting that the finite field transport and specific heat data collapse into a single set of scaling relations (see Fig. 3 inserts),
where Φ(x) ∼ (max(x, 1)) −1/3 and F (x) ∼ x/max(x, 1). The NFL physics is described by the x → ∞ (T >> T o (b)) behavior of these equations, where dρ/dT is constant and
. By contrast, the field-tuned LFL is described by the x → 0 limit of these equations. Were there any residual pockets of LFL behavior that were left unaffected by the QCP, we would expect a residual quadratic component in the resistivity, and the data would not collapse in the observed fashion. We are thus led to believe that the break up of the LFL involves the entire Fermi surface.
From the second scaling relation in (1), we see that the A-coefficient of the T 2 term to the resistivity diverges roughly as 1/b, a result that is consistent with earlier measurements on pure YbRh 2 Si 2 carried out further away from the QCP coefficient γ o (b) grows as (Fig. 2a) . Notice that the field dependence at absolute zero temperature can be interchanged with the temperature dependence at B = B c , but only in the upturn region. At high magnetic field deviations from the QCP, earlier measurements showed 6 that the Kadowaki Woods ratio We now turn to discuss the broader implications of our measurements. The observed divergence of both the A-coefficient and the coefficient γ o of the T -linear specific heat certainly rule out a 3D SDW scenario, which predicts that both quantities will remain finite at sufficiently low temperature in the approach to a zero-field QCP (B → B c → 0), but it can be used to obtain still more insight into the underlying scattering mechanisms between the quasiparticles. In a 2D SDW scenario, the scattering amplitude between two heavy electrons is severely momentum dependent. When used to compute the transport relaxation rate, the SDW scenario leads to the result A ∝ 1/κ 2 , with κ the inverse correlation length 16 . The given by
The strong violation of these predictions by our data, presented in Fig. 3a and 3b, rules out 2D spin fluctuations as the driving force behind the thermodynamics and the dominant source of scattering near the heavy electron QCP.
Taking a more general view, scaling behavior of the transport scattering rate tells us that the only scale entering into the density of states and the scattering amplitude is the single scale T o ∝ b of the heavy electron fluid. A truly field-independent Kadowaki Woods ratio would indicate that the quasiparticle scattering amplitude has the form
The weak field dependence of the Kadowaki Woods ratio over a wide range of fields implies that the characteristic length scale of the most singular scattering amplitudes renormalizes more slowly in the approach to the QCP than expected in a SDW scenario.
Our data also provide some insight into the thermodynamics in the vicinity of the QCP.
By integrating the scaling form (1) for the specific heat over temperature, the entropy
in the vicinity of the QCP can be described by the form
where η = 1/3. The appearance of a field-dependent pre-factor in this equation forces the entropy to vanish at the QCP, as required by the third law of thermodynamics. The exponent in the pre-factor also determines the effective Fermi temperature T * 
where T Λ is an upper cut-off that we might identify with the single ion Kondo temperature of the Yb 3+ ions(≈ 25K). Such a power law renormalization of the characteristic energy scale would be expected in the presence of locally critical fluctuations that extend down from T Λ to the infra-red cut-off provided, in this case, by the magnetic field 17 .
In this respect, our results support the conclusions recently drawn from earlier measurements on the quantum critical material CeCu 6−x Au x (x = 0.1) 18 , and used in a recently proposed theory for quantum criticality by Si et al. 4 , suggesting that the most critical scattering is neither three, two or even one dimensional, but local-as if the most critical fluctuations in the underlying quantum phase transition are fundamentally "zero dimensional" in character.
One of our most striking observations is that below T ≈ 0.3 K where χ(T ) follows a CurieWeiss law, the electronic specific heat coefficient C el (T )/T for both samples starts to deviate towards larger values, separating away from the − log T dependence that is valid 9 up to 10 K (Fig. 2a) . This "upturn" continues in the x = 0.05 sample down to approximately 20 mK, if the critical field of 0.027 T (B ⊥ c) is applied. We ascribe this intrinsically electronic feature to the critical fluctuations associated with the zero-field quantum phase transition that exists at a slightly larger Ge concentration. The unique temperature dependence of C el (T )/T for T < 0.3 K is disparate from the linear temperature dependence of the electrical resistivity which holds all the way from ≥ 10 K to T ≈ 10 mK. Since the former (thermodynamic) quantity probes the dominating local 4f ("spin") part of the composite quasiparticles , while the latter (transport) quantity is sensitive to the itinerant conduction-electron ("charge") part, one may view the observed disparity as a direct manifestation of the break up of the composite fermion in the approach to the QCP. 
